The aim of this study was to determine the effect of a calving season on the Wood's model parameters of the lactation curve and its characteristics in Czech Fleckvieh cows.
Introduction
The shape of lactation curve and effects influenced on the lactation curve were analysed by Gaskins et al. (1980) , Silvestre et al. (2006) , Atashi et al. (2012) , Boujenane & Hilal (2012) . Atashi et al. (2009) described the effect of the calving season on lactation. A number of mathematical models and methodical techniques were designed to explain the shape of the lactation curve. One of the most frequently used mathematical models is the Wood's model (Wood 1967) . It is appreciated for its simplicity and accuracy of the lactation curve description. It is used worldwide by animal scientists to describe the lactation curves in cattle and other farm animals (e.g. Cankaya et al. 2011) . The parameters of the Wood's function define the shape of the lactation curve and estimate the milk yield in a particular stage of lactation and thus the persistency index of lactation. Koçak et al. (2008) or Grzesiak et al. (2003) compared several mathematical models of the lactation curve.
Haile- Mariam & Goddard (2008) or Jamrozik et al. (1997) used the random regression test-day model for describing the lactation curve and for estimating genetic parameters of lactations. Swalve & Guo (1999) compared the variation of lactation curves stratified by herd, lactation number and total milk yield. The results showed difficulties of differentiation of cows into groups according to total milk yield. Kawonga et al. (2012) used Wood's model, critical exponential and double exponential model for describing lactation curve for breeding management of smallholders' dairy farms.
Many authors pointed to the influence of calving season on milk traits (e.g. Řehák et al. 2012 Řehák et al. , Ray et al. 1992 . The goal of this paper was to determine the effect of a calving season on the shape of lactation curve and its characteristics in Czech Fleckvieh cows. Wood's model was used for describing the shape of lactation curve. Třináctý et al. (1991) described the lactation curve in Czech Fleckvieh cows by Wood´s model.
Material and methods
The observed Czech Fleckvieh cows (with the minimum of 75 % of Czech Fleckvieh breed in the genotype) born between 1994-2007 formed three parity groups: parity 1 with 350853 cows, parity 2 with 269276 cows and parity 3 with 175029 cows. The cows lactated for a minimum of 240 and a maximum of 360 days and were tested (milk-recording) at least six times in the course of lactation. All the parity groups were further classified by the calving season (see Table 1 ).
The Wood's function parameters (a, b, c) were calculated and the lactation characteristics estimated: milk yield per 1-100 days, 100-200 days and 305 days, index of persistency (IP) 2:1, the peak yield -amount and day, the coefficient of the declination rate. Table 2 ( Fathi Nasri et al. 2008) shows some parameters of the lactation curve: t-days at the peak yield, y m -peak milk yield, r-a coefficient describing the degree of declination between the peak and the end of the lactation, a, b, c-estimated parameters of the Wood's model. These parameters determined the shapes of lactation curves for the parity groups 1, 2 and 3, with respect to the calving season; the total and partial (305 days, 1-100 days and 100-200 days) milk yields were calculated. The partial milk yields determined the index of persistency of lactation IP = 100-200 days yield × 100 (1)
1-100 days yield
The applied Wood's mathematical model was as follows:
where a, b, c-are the estimated parameters of the function, y is the milk yield on the test day (kg), t is the test day and e is the base of the natural logarithm. The Wood's model parameters were estimated by a procedure PROC NLIN in SAS v9.1 (SAS Institute Inc., Cary, NC, USA). The effect of the calving season on the lactation curve characteristics was tested by the analysis of variance procedure of PROC ANOVA in SAS v9.1. Table 2 The estimation of some characteristics of the lactation curve
Results and discussion
The parameters and the peak yield day varied significantly in the observed calving seasons in all lactations (Table 3 and 4) . On the contrary, cows in all lactations produced a similar amount of milk at peak, regardless of the calving season. The first-parity cows which calved in summer had the greatest a parameter and smallest b and c parameters. They reached the peak milk yield faster than the other groups-in 38 days. These values indicate that the summer-calvers produce more milk at the onset of lactation and come to the peak earlier. At the same time, the declination of milk production is slower (r value) which means a better persistency of lactation compared to the winter and spring calvers. Figures 1, 2 and 3 show the lactation curves of cows in lactation 1, 2 and 3.
The Wood's model parameters and t values varied between calving seasons in lactations 2 and 3. Summer and autumn calvers had significantly lower t, b and c values and a higher a value. They reached the peak yield early and the amount of milk was slightly (nonsignificantly) lower. Macciotta et al. (2005) , Třináctý et al. (1990) and Dematawewa et al. (2007) presented lower values of the parameters, while Gołębiewski et al. (2011) found higher values (except for c). Fathi Nasri et al. (2008) observed that the first-parity cows reached the peak yield of 33.6 kg 63 days post-partum, the second-parity cows achieve the climax of 39.5 kg 46 days post-partum and the third-parity cows produced a maximum of 41.8 kg of milk 42 days post-partum. Similarly to Fathi Nasri et al. (2008) , we also found that later-parity cows reached maximum sooner and produced more milk at peak than younger cows. In the study of Dematawewa et al. (2007) cows produced a maximum of 33.35 kg milk 102 days post-partum. Table 4 presents an estimated 305 days milk yield and partial yields per 1-100 days and 100-200 days. The persistency of lactation index IP 2:1 was calculated. Only the IP 2:1 significantly varied between calving seasons in all parity groups. Autumn and winter calvers had a significantly greater IP 2:1 than spring calvers; the IP 2:1 in summer calvers did not differ from the rest in all parity groups. A calving season did not significantly affect either the partial or total milk production. Třináctý et al. (1990) calculated the IP 2:1 between 74.2 and 77.2, regardless of the number of lactation, which is slightly lower than our values (Table  4) . Fathi Nasri et al. (2008) estimated the 305 days milk production at 8 068 kg (lactation 1), 9 233 kg (lactation 2) and 9 323 kg (lactation 3) in Holstein cattle population in Iran. The similar issue in population of Iranian Holstein was studied by Roshanfekr et al. (2010) .
Neither milk yield per day nor the total or partial milk yields significantly differed between calving seasons in all parity groups. The maximum yield was higher in older cows (lactation 2 and 3). The same results were observed in case of the total and partial milk yields. The total milk production in the first lactation ranged between 5 125 and 5 161 kg, in later lactations between 5 696 and 5 821 kg milk per 305 days. The lactation was more persistent in younger cows (the first parity, IP 2:1 86.23-89.71) compared to older ones (the second and the third parity, IP 2:1 74.59-79.24). First-calvers also produced less milk (maximum, partial and total yield) and reached the peak later (38-50 days) than older cows (peak 28-37 days). Our results demonstrated the effect of a calving season on the shape of the lactation curve, especially on the day of the peak yield, the index of persistency and the declination rate. On the other hand, the milk yield, whether peak, partial or total, was not affected by the calving season. The assessed parameters and the shapes of the lactation curves revealed the differences between younger (the 1st parity) and older (the second and the third parity) cows.
The lactations of the autumn-and winter-calvers were significantly more persistent than those of spring-calvers. The first-parity cows which calved in summer had different Wood's model parameters and were the fastest to reach the peak. Older cows (the second and the third parity) which calved in summer and autumn had a significantly smaller t and different a, b, c compared to the cows which calved in winter and spring.
In general, the cows which calved in winter and autumn had more persistent lactations, regardless of the parity. The first-parity cows reached the peak yield sooner when they calved in summer, the older cows in summer and autumn. The results showed the influence of calving season on the shape of lactation curve, particularly peak yield and index of persistency was influenced by calving season. This factor should be considered comparing lactation parameters of cows calved in different seasons.
